Abstract: To find out the natural infection with filarial larvae, female adult black flies were collected on a human attractant in December, 2001 at Tambol Ban Laung (altitude 750 m), Doi Inthanon National Park, in northern Thailand. The total number of females collected was 823: of which 557 (67.7%) were identified as Simulium asakoae Takaoka et Davies, 144 (17.5%) as S. nigrogilvum Summers, 97 (11.8%) as S. nakhonense Takaoka et Suzuki and 25 (3%) as other six simuliid species. By dissections, eight third-and one second-stage larvae of unidentified filarial species were found in one of 138 S. nigrogilvum and one of 484 S. asakoae, respectively. Non-filarial nematodes were found in 1.03% (5/484) of S. asakoae. This is the first report of natural infections of two black-fly species, S. nigrogilvum and S. asakoae, with a filarial larva.
INTRODUCTION
Simuliidae or black flies have been well known to be a pest of humans and animals and also vectors of some parasites and pathogens (Crosskey, 1990) . The main medical significance is the transmission of Onchocerca volvulus to humans by the bites of the flies in Africa and Central and South America; certain simuliid species are suspected to be a probable vector of zoonotic onchocerciasis which occurs sporadically in Japan, North America and Europe (e.g., Hashimoto et al., 1990; Takaoka et al., 1996) .
In the Oriental Region, several man-biting simuliid species have been reported, e.g., Simulium asishi Datta, S. himalayense Puri, S. indicum Becher, S. japonicum Matsumura, S. nodosum Puri and S. tenuistylum Datta (Datta, 1992 ; Lewis, 1974; Takaoka, 1977) . Several other species have been known as a pest of animals (Datta, 1992; Datta and Dasgupta, 1975; Friederichs, 1925 Dissections of adult black flies for filarial larvae After classification to species using the descriptions of Puri (1933) and Takaoka and Suzuki (1984) , most of flies were microscopically dissected and searched for filarial larvae in a drop of 0.5% Giemsa's stain solution on a slide glass. The filarial larvae found were preserved in 2% formalin solution for morphometric observations. Generic diagnosis of third-stage and second-stage filarial larvae followed Bain and Chabaud (1986) .
RESULTS

Black fly species collected
The air temperature measured fluctuated between 10.7
cies was collected on a human attractant. The most abundant species was S. asakoae Takaoka et Davies (67.7%) followed by S. nigrogilvum Summers (17.5%) and S. nakhonense Takaoka et Suzuki (11.8%), and six other species were few, consisting of 0.1-2.2% (Table 1) .
Natural infections with filarial larvae Natural filarial infections were found in 0.72% (1/138) of S. nigrogilvum and 0.21% (1/484) of S. asakoae. No infection was found in 97 S. nakhonense dissected. Six other minor species were not dissected. The infected S. nigrogilvum harboured eight third-stage larvae (L3) in the thorax. Among them, four larvae measured were 800-900 um long by 25-31 te m wide (Fig. 1A) . The length ratio of the esophagus against the whole body of the three larvae was 0.37-0.41. The L3 had a relatively short and somewhat coni-A B C cal tail with a salient axial point (Fig. 1B) . The other infected fly S. asakoae harboured one second-stage filarial larva (L2) in the thorax. The L2 was 439 ,u m long by 35 um wide (Fig. 1C ).
Other nematodes found in black flies Non-filarial nematodes were found in 1.03% (5/484) of S. asakoae dissected. There were at least two types of non-filarial nematodes distinguished by the characteristic shape of tail, one sharply pointed and the other bluntly ended. 
DISCUSSION
In the present study, we found that in Tambol Ban Laung, Doi Inthanon National Park, Chiang Mai Province, northern Thailand, females of nine simuliid species were attracted to a human. Among them, S. nakhonense, S. chamlongi Takaoka et Suzuki, S. fenestratum Edwards, S. chumpornense Takaoka et Kuvangkadilok, S. siamense Takaoka et Suzuki and S. sp. E (sensu Takaoka et Suzuki) were collected for the first time using a human attractant.
In our previous investigation carried out in Ban Pang Fan Village (250 m in altitude), Chiang Mai Province in June (summer season), a considerable number of S. nodosum were attracted to feed on humans and water buffalos, and 2.3% of them were carrying filarial larvae (Takaoka et al . , 2003) . In Tambol Ban Laung (750 m in altitude), we found that S. nigrogilvum and S. asakoae, two of the three abundant species, were naturally infected with filarial larvae although their natural infection rate was very low. The low infection rate might be attributable at least partially to the cool air temperature in December (winter season) at the high altitude of the study area, which might have been too low for the development of the filarial larvae, as well as for the stimulation of blood-feeding. It might be also influenced by many factors of host animals such as population density, distribution, behavior (e. g. , diurnal or nocturnal), prevalence and intensity of infection with filariae, all of which, though, remain to be studied yet.
A small number of filariae are currently known to be transmitted by black flies (Bain and Chabaud, 1986) ; they belong to 4 genera. Species of Splendidofilaria from birds can be eliminated because of the different caudal extremity and very short body of the infective larva. Mansonella thirdstage larvae, also small, have four caudal lappets, and only M. ozzardi Manson from humans in South America is transmitted by simuliids (and equally by Culicoides spp.). Onchocerca species are more often transmitted by simuliids. Among the species which likely exist in cattle from Thailand, O. lienalis Stiles, O. gutturosa Neumann, O. cebei Galliard and O. gibsoni Cleland et Johnston, the first two are known to develop in simuliids. O. lienalis is shorter (400-560 p m long) and has a greater ratio of esophagus/ body length; O. gutturosa, which is more frequently transmitted by Culicoides spp. , has a higher esophagus/body length ratio and a tail differently-shaped. The caudal extremity of the infective larva with a salient axial point is found in Onchocerca species from African suids (Wahl and Bain, 1995) , from a Japanese bovid (Takaoka and Bain, 1990 ; Uni et al. , 1998) and in the recently described infective larvae from S. nodosum in Thailand (Takaoka et al. , 2003) but the tail of these species is cylindrical and long (more than twice their width at anus); in addition this last L3 from Thailand has a much longer body (1,315-1,500 pm long). Among Dirofilaria species, D. ursi Yamaguti does not exist in this area and its infective larva is small; D. immitis Leidy, most commonly transmitted by culicids but capable of developing into L3 in S. takahasii Rubtsov, is similar in the lengths of whole body and esophagus to the present L3 (Takaoka and Baba, 1987) , but its tail is not conical. The present L3, which is thick, of medium length and with a short tail, represents an unknown filaria from the local wild mammalian fauna, which might be an Onchocerca species, or a genus of Dirofilariinae. 
